Catheter-associated infections are difficult to treat with available antimicrobial agents because of 17 their biofilm etiology. We examined the effect of low amperage direct electric current ( intraluminal fluid for all bacterial species studied; no viable bacteria were detected after 26 treatment of S. epidermidis and S. aureus biofilms with 500 µA for 4 days. 27
INTRODUCTION 28
Catheter-associated infections, including catheter associated urinary tract infection 29 (CAUTI) and catheter related blood stream infection (CRBSI), are associated with morbidity, 30 mortality, and expense, often requiring catheter removal. The pathogenesis of these infections 31 relates to the presence of biofilms on the surface of the catheters. 32
Compared with planktonic (i.e., free floating) forms, microorganisms in biofilms exhibit 33 increased resistance to host immunity and antimicrobial therapy (1). Proposed mechanisms 34 underlying biofilm-associated antimicrobial resistance include limited penetration through or 35 neutralization of antimicrobials within biofilms (2-3), subpopulations of resistant phenotypes, 36 referred to as 'persister' cells (4-5), and dormant stationary phase zones within biofilms (4, 6-7). 37
As a result, most conventional systemically-administered antimicrobial agents have little ability 38 to cure catheter-associated infections. Catheter removal is necessary in the majority of cases, 39 typically in conjunction with systemic antimicrobial treatment. Strategies to control biofilms, 40 such as coating catheters with silver ions, chlorhexidine or minocycline and rifampin have been 41
proposed (8-12), and catheter lock solutions, using conventional antimicrobial agents or 42 antiseptics, have shown activity against catheter-associated biofilms (13-19). However, none of 43 these strategies has solved the clinical challenge of catheter-associated infections, underscoring 44 the need for new approaches. 45
We previously described an anti-biofilm strategy we termed the electricidal effect. with lower viable cell counts when electric current was applied for longer periods of time. No 107 viable cells were detected when S. aureus or S. epidermidis biofilms were exposed to 500 μA for 108 4 days. 5.2 to 5.5 log 10 cfu/cm 2 reductions were observed when P. aeruginosa and E. coli 109 biofilms were exposed to 500 μA for 4 days (p<0.02). C. parapsilosis biofilms were more 110 resistant, with a maximum 3.2 log 10 cfu/cm 2 reduction achieved after 4 days of 500 μA treatment 111 No viable planktonic cells were observed after exposure to 500 µA at any time point for all 125 bacterial species studied. However, viable planktonic C. parapsilosis cells were found after 24 126 hours of exposure to 500 µA (2.4 log 10 cfu/ml reduction; p, 0.01). Exposure to 200 µA achieved 127 reductions ranging from 1.7 to 6.2 log 10 cfu/ml (p<0.02) after 24 hours and from 3.6 to 7.0 log 10 128 cfu/ml (p<0.02) after 4 days for all bacterial species. Planktonic cell reductions ranging from 1.1 129 to 4.4 log 10 cfu/ml were measured after 4 days of exposure to 100 µA for the bacterial species. 130 Again, C. parapsilosis was more resistant, with just a 0.7 log 10 cfu/ml reduction after 4 days of In this study, we demonstrated that DC reduces staphylococcal, E. coli, P. aeruginosa 134 and C. parapsilosis biofilms on the intraluminal surface of catheters in a time-and dose-135 dependent manner. The most dramatic effects (i.e., no detectable viable cells) were observed 136 when S. epidermidis and S. aureus biofilms were exposed to 500 µA DC for 4 days, although 137 large reductions (≥5.0 log 10 cfu/cm 2 ) were also observed when P. aeruginosa and E. coli 138 biofilms were exposed to 500 µA DC for 4 days. Reductions of more than 1.0 log 10 cfu/cm 2 were 139 observed with C. parapsilosis exposed to 200 or 500 µA, however, the degree of reduction was 140 less compared to that observed with the other organisms studied. Exposure to 100 µA yielded 141 biofilm reductions for S. epidermidis (after 4 days), as well as E. coli and P. aeruginosa (after 24 142 hours). Overall, these results show that electrical current, applied via intraluminal electrodes, has 143 a marked effect on microbial biofilms on catheter surfaces. 144
The underlying mechanism of the effect observed is not fully understood. 
